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Abstract
U(1)XSSM is the extension of the minimal supersymmetric standard model(MSSM) and its local
gauge group is SU(3)C × SU(2)L × U(1)Y × U(1)X . Compared with MSSM, it has three singlet
new Higgs superfields and right handed neutrinos. In the framework of U(1)XSSM, we study the
Higgs mass and suppose the lightest CP-even sneutrino as cold dark matter candidate. For the
lightest CP-even sneutrino, the relic density and the cross section with nucleon are both researched.
In our chosen parameter space, the numerical results show that considering the lightest CP-even
sneutrino as cold dark matter the obtained results satisfy the constraints from the relic density
and the scattering off nucleon.
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I. INTRODUCTION
From the cosmological observations, astronomers are sure of the existence of dark mat-
ter in the universe, where the dark matter is about five times that of visible matter
contribution[1]. The various luminous objects (stars, gas clouds globular clusters or en-
tire galaxies) move faster than one expects[2]. These observations are the earliest and most
convincing evidence for dark matter[3, 4]. Dark matter must be electrically and color neu-
tral, and can only take part in weak interactions. To have a long life, it should be stable[5].
Up to now, people have not known the mass and interaction properties of the dark matter.
Though the standard model achieves great success with detection of the CP-even
Higgs(125.1GeV)[6], it can not explain the relic density of dark matter in the universe.
The relic density of light neutrinos with tiny mass is Ωνh
2 ≤ 0.0062 at 95% confidence
level, that is much smaller than non-baryonic matter density Ωνh
2 = 0.1186± 0.0020[7]. So
there must exist new physics beyond the standard model! There are several dark matter
candidates: axions, sterile neutrinos, primordial black holes and weakly interacting massive
particles(WIMPs)[8]. WIMP is one of the most popular candidates for dark matter, whose
detection is crucial for both distinguishing new physics models and understanding the nature
of dark matter. The direct detection for dark matter is to study the recoil energy of nuclei
caused by the elastic scattering of a WIMP off a nucleon.
As one of the favorite dark matter candidate, the neutralino in the minimal supersym-
metric standard model(MSSM) has been extensively studied[9]. However, the left-handed
sneutrino meets severe troubles, because the cross section for elastic scattering off nuclei
exceeds the experimental limit about several orders with the exchange of vector boson Z[10].
Considering the neutrino oscillations, we find that neutrino should possess tiny mass[11].
In order to obtain light neutrino mass, one can add right-handed neutrino to the MSSM.
The supersymmetric partners of the right-handed neutrinos will produce an alternative dark
matter candidate[12]. The sneutrino dark matter are researched in the extension of NMSSM
by the authors[13], and there are also other works of sneutrino dark matter [14, 15].
In this work, we extend MSSM to U(1)XSSM, whose local gauge group is SU(3)C ×
SU(2)L × U(1)Y × U(1)X [16]. Comparing with MSSM, U(1)XSSM has more superfields:
righ-handed neutrinos and three SU(2)L singlet Higgs superfields ηˆ, ˆ¯η, Sˆ. The righ-handed
neutrinos can produce tiny masses to light neutrinos through see-saw mechanism. The little
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hierarchy problem in MSSM is relieved in U(1)XSSM by the right-handed neutrinos and
sneutrinos. The added parameters mitigate the constraints from experiments such as LHC.
Comparing with MSSM, there are more dark matter candidates in the U(1)XSSM.
After this introduction, we introduce the U(1)XSSM in detail in section II. Supposing the
lightest CP-even sneutrino as dark matter candidate, we study its relic density in section
III. Section IV is used to research the direct detection for sneutrino in the nuclei. The
numerical results for Higgs masses, relic density for dark matter and its direct detection are
all collected in section V. In section VI, we show our discussion and conclusion.
II. THE U(1)XSSM
The local gauge group of the U(1)XSSM is SU(3)C⊗SU(2)L⊗U(1)Y ⊗U(1)X . To obtain
U(1)XSSM more superfields: right-handed neutrino νˆi and three Higgs singlets ηˆ, ˆ¯η, Sˆ are
added to MSSM. It can give light neutrino mass at tree level through see-saw mechanism.
The neutral CP-even parts of Hu, Hd, η, η¯, S mix together and form 5 × 5 mass squared
matrix. It is interesting that, the lightest mass eigenstate of this matrix can even reach
125 GeV at tree level. However, in the MSSM and its some extended models, the lightest
CP-even Higgs mass is no more than 90 GeV at tree level, so to obtain 125 GeV Higgs mass,
the loop corrections are very important and depend on the virtual particle masses in the
loop.
Here we show the superpotential in this model
W = lW Sˆ + µHˆuHˆd +MS SˆSˆ − YddˆqˆHˆd − YeeˆlˆHˆd + λH SˆHˆuHˆd
+λCSˆηˆˆ¯η +
κ
3
SˆSˆSˆ + YuuˆqˆHˆu + YX νˆ ˆ¯ηνˆ + Yν νˆ lˆHˆu. (1)
There are two Higgs doublets and three Higgs singlets, whose concrete forms are shown
in the follow,
Hu =

 H
+
u
1√
2
(
vu +H
0
u + iP
0
u
)

 , Hd =


1√
2
(
vd +H
0
d + iP
0
d
)
H−d

 ,
η =
1√
2
(
vη + φ
0
η + iP
0
η
)
, η¯ =
1√
2
(
vη¯ + φ
0
η¯ + iP
0
η¯
)
,
S =
1√
2
(
vS + φ
0
S + iP
0
S
)
. (2)
3
TABLE I: The superfields in U(1)XSSM
Superfields SU(3)C SU(2)L U(1)Y U(1)X
Qˆi 3 2 1/6 0
uˆci 3¯ 1 -2/3 -1/2
dˆci 3¯ 1 1/3 1/2
Lˆi 1 2 -1/2 0
eˆci 1 1 1 1/2
νˆi 1 1 0 -1/2
Hˆu 1 2 1/2 1/2
Hˆd 1 2 -1/2 -1/2
ηˆ 1 1 0 -1
ˆ¯η 1 1 0 1
Sˆ 1 1 0 0
vu, vd, vη, vη¯ and vS are the corresponding vacuum expectation values (VEVs) of the Higgs
fields Hu, Hd, η, η¯ and S. Here, we define tan β = vu/vd and tanβη = vη¯/vη. The definition
of ν˜L(ν˜R) is
ν˜L =
1√
2
φl +
i√
2
σl, ν˜R =
1√
2
φR +
i√
2
σR. (3)
The soft breaking terms are
Lsoft = LMSSMsoft − BSS2 − LSS −
Tκ
3
S3 − TλCSηη¯ + ǫijTλHSH idHju
−T IJX η¯ν˜∗IR ν˜∗JR + ǫijT IJν H iuν˜I∗R l˜Jj −m2η|η|2 −m2η¯|η¯|2
−m2SS2 − (m2ν˜R)IJ ν˜I∗R ν˜JR −
1
2
(
MXλ
2
X˜
+ 2MBB′λB˜λX˜
)
+ h.c . (4)
The presence of two Abelian groups UY (1) and UX(1) in UX(1)SSM has a new effect
absent in the MSSM with just one Abelian gauge group UY (1): the gauge kinetic mixing.
This effect can also be induced through RGEs, even if it is set to zero at MGUT .
The covariant derivatives of this model is shown in the general form [17]
Dµ = ∂µ − i
(
Y, X
) gY , g
′
Y X
g
′
XY , g
′
X



 A
′Y
µ
A′Xµ

 . (5)
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Here A′Yµ and A
′X
µ denote the gauge fields of U(1)Y and U(1)X , while Y and X represent
the hypercharge and X charge respectively. We can perform a change of the basis, because
the two Abelian gauge groups are unbroken. The following formula can be obtained with a
correct matrix R [18]

 gY , g
′
Y X
g
′
XY , g
′
X

RT =

 g1, gY X
0, gX

 . (6)
So the U(1) gauge fields are redefined as
R

 A
′Y
µ
A′Xµ

 =

 A
Y
µ
AXµ

 . (7)
The interesting thing is that the bosons AX , AY and V 3 mix together at the tree level,
and the mass matrix is shown in the basis (AY , V 3, AX)


1
8
g21v
2 − 1
8
g1g2v
2 1
8
g1gY Xv
2
−1
8
g1g2v
2 1
8
g22v
2 − 1
8
g2gY Xv
2
1
8
g1gY Xv
2 − 1
8
g2gY Xv
2 1
8
g2Y Xv
2 + 1
8
g2Xξ
2

 . (8)
with v2 = v2u + v
2
d and ξ
2 = v2η + v
2
η¯ . To diagonalize the mass matrix in Eq.(8), an unitary
matrix including two mixing angles θW and θ
′
W is used here


γ
Z
Z ′


=


cos θW sin θW 0
− sin θW cos θ′W cos θW cos θ′W sin θ′W
sin θW sin θ
′
W − cos θ′W sin θ′W cos θ′W




AY
V 3
AX


. (9)
We deduce sin2 θ′W as
sin2 θ′W =
1
2
− (g
2
Y X − g21 − g22)v2 + 4g2Xξ2
2
√
(g2Y X + g
2
1 + g
2
2)
2v4 + 8g2X(g
2
Y X − g21 − g22)v2ξ2 + 16g4Xξ4
. (10)
The new mixing angle θ′W appears in the couplings involving Z and Z
′. The exact eigenvalues
of Eq.(8) are calculated[19]
m2γ = 0,
m2Z,Z′ =
1
8
(
(g21 + g
2
2 + g
2
Y X)v
2 + 4g2Xξ
2
∓
√
(g21 + g
2
2 + g
2
Y X)
2v4 + 8(g2Y X − g21 − g22)g2Xv2ξ2 + 16g4Xξ4
)
. (11)
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The Higgs potential is deduced here
V =
1
2
gX(gX + gY X)(|H0d |2 − |H0u|2)(|η|2 − |η¯|2) + |λH|2|H0uH0d |2 +m2S|S|2
+
1
8
(
g21 + g
2
2 + (gX + gY X)
2
)
(|H0d |2 − |H0u|2)2 +
1
2
g2X(|η|2 − |η¯|2)2 + λ2C |ηη¯|2
+(|µ|2 + |λH |2|S|2 + 2Re[µ∗λHS])(|H0d |2 + |H0u|2) + |λC |2|S|2(|η|2 + |η¯|2)
+2Re[l∗W (2MSS + λCηη¯ − λHH0uH0d + κS2)] + 4|MS|2|S|2 + 2Re[λ∗Cκη∗η¯∗S2]
+|κ|2|S|4 + 4Re[M∗SS∗(λCηη¯ − λHH0uH0d + κS2)]− 2Re[λ∗CλHη∗η¯∗H0uH0d ] + |lW |2
−2Re[BµH0dH0u] + 2Re[LSS] +
2
3
Re[TkS
3] + 2Re[TλCηη¯S]− 2Re[TλHH0dH0uS]
−2Re[λHκ∗H0uH0d(S2)∗] +m2η|η|2 +m2η¯|η¯|2 +m2H0u |H0u|2 +m2H0d |H
0
d |2 + 2Re[BSS2].(12)
To simplify the following discussion, we suppose that the parameters
(µ, λH , λC , lW ,MS, Bµ, LS, Tκ, TλC , TλH , κ, BS) in Eq.(12) are real parame-
ters. The VEVs of the Higgs satisfy the following equations
1
8
(
g21 + g
2
2 + (gX + gY X)
2
)
(v2d − v2u)vd +
1
4
gX(gX + gY X)vd(v
2
η − v2η¯)
+(µ2 +
1
2
λ2Hv
2
S +
√
2µλHvS)vd − lWλHvu + 1
2
λ2Hv
2
uvd −
√
2MSλHvSvu
−1
2
λHλCvηvη¯vu − 1
2
λHκvuv
2
S +m
2
Hd
vd − Bµvu − TλH√
2
vuvS = 0, (13)
1
8
(
g21 + g
2
2 + (gX + gY X)
2
)
(v2u − v2d)vu +
1
4
gX(gX + gY X)vu(v
2
η¯ − v2η)
+(µ2 +
1
2
λ2Hv
2
S +
√
2µλHvS)vu − lWλHvd + 1
2
λ2Hvuv
2
d −
√
2MSλHvSvd
−1
2
λHλCvηvη¯vd − 1
2
λHκvdv
2
S +m
2
Huvu − Bµvd −
TλH√
2
vdvS = 0, (14)
1
2
g2X(v
2
η − v2η¯)vη −
1
4
gX(gX + gY X)vη(v
2
u − v2d) +
1
2
λ2Cvη(v
2
S + v
2
η¯) + lWλCvη¯
+
√
2MSλCvSvη¯ − 1
2
λHλCvη¯vuvd +
1
2
λCκvη¯v
2
S +m
2
ηvη +
TλH√
2
vη¯vS = 0, (15)
1
2
g2X(v
2
η¯ − v2η)vη¯ +
1
4
gX(gX + gY X)vη¯(v
2
u − v2d) +
1
2
λ2Cvη¯(v
2
S + v
2
η) + lWλCvη
+
√
2MSλCvSvη − 1
2
λHλCvηvuvd +
1
2
λCκvηv
2
S +m
2
η¯vη¯ +
TλH√
2
vηvS = 0, (16)
(λ2HvS +
√
2µλH)
1
2
v2 +
1
2
λ2CvSξ
2 + 4M2SvS + κ
2v3S + 2BSvS +
√
2LS
+2lW (
√
2MS + κvS) +
√
2MS(λCvηvη¯ − λHvuvd + 3κv2S) +m2SvS
+λCκvηvη¯vS − λHκvuvdvS + 1√
2
(Tkv
2
S + TλCvηvη¯ − TλHvuvd) = 0. (17)
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The neutrino mass matrix is deduced in the base (νL, ν¯R)
Mν =

 0
υu√
2
(Y Tν )
IJ
υu√
2
(Yν)
IJ
√
2υη¯(YX)
IJ

 , (18)
and it is diagonalized by the matrix Zν through the formula
ZνMνZ
T
ν = diag(Mν). (19)
The mass matrix for CP-even sneutrino (φl, φr) reads as
M2ν˜R =

 mφlφl m
T
φrφl
mφlφr mφrφr

 , (20)
mφlφl =
1
8
(
(g21 + g
2
Y X + g
2
2 + gY XgX)(v
2
d − v2u) + gY XgX(2v2η − 2v2η¯)
)
+
1
2
v2uY
T
ν Yν +m
2
L˜, (21)
mφlφr =
1√
2
vuTν + vuvη¯YXYν − 1
2
vd(λHvS +
√
2µ)Yν , (22)
mφrφr =
1
8
(
(gY XgX + g
2
X)(v
2
d − v2u) + 2g2X(v2η − v2η¯)
)
+ vηvSYXλC
+m2ν˜ +
1
2
v2u|Yν|2 + vη¯(2vη¯YXYX +
√
2TX). (23)
To obtain the masses of sneutrinos, we use ZR to diagonalize M2ν˜R .
The mass matrix for CP-odd sneutrino (σl, σr) is also deduced here
M2ν˜I =

 mσlσl m
T
σrσl
mσlσr mσrσr

 , (24)
mσlσl =
1
8
(
(g21 + g
2
Y X + g
2
2 + gY XgX)(v
2
d − v2u) + 2gY XgX(v2η − v2η¯)
)
+
1
2
v2uY
T
ν Yν +m
2
L˜, (25)
mσlσr =
1√
2
vuTν − vuvη¯YXYν − 1
2
vd(λHvS +
√
2µ)Yν, (26)
mσrσr =
1
8
(
(gY XgX + g
2
X)(v
2
d − v2u) + 2g2X(v2η − v2η¯)
)
− vηvSYXλC
+m2ν˜ +
1
2
v2u|Yν|2 + vη¯(2vη¯YXYX −
√
2TX). (27)
With the matrix ZI , we can diagonalize the mass squared matrix of sneutrino M2ν˜I .
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The neutral CP-even Higgs φd, φu, φη, φη¯ and φS mix together and form 5×5 mass squared
matrix. In the basis (φd, φu, φη, φη¯, φs), the mass matrix reads as
m2h =


mφdφd mφuφd mφηφd mφη¯φd mφsφd
mφdφu mφuφu mφηφu mφη¯φu mφsφu
mφdφη mφuφη mφηφη mφη¯φη mφsφη
mφdφη¯ mφuφη¯ mφηφη¯ mφη¯φη¯ mφsφη¯
mφdφs mφuφs mφηφs mφη¯φs mφsφs


. (28)
To save space in the text, the concrete forms of the elements mφdφd etc in this mass matrix
are shown in the appendix. This matrix is diagonalized by ZH .
The mass squared matrix for CP-odd Higgs in the basis (σd, σu, ση, ση¯, σs) is shown here
and diagonalized by ZA
m2A0 =


mσdσd mσuσd mσησd mση¯σd mσsσd
mσdσu mσuσu mσησu mση¯σu mσsσu
mσdση mσuση mσηση mση¯ση mσsση
mσdση¯ mσuση¯ mσηση¯ mση¯ση¯ mσsση¯
mσdσs mσuσs mσησs mση¯σs mσsσs


. (29)
The elements are also collected in the appendix.
In the same way, the mass matrix for slepton with the basis (e˜L, e˜R) is diagonalized by
ZE through the formula ZEm2e˜Z
E,† = mdiag2,e˜ ,
m2e˜ =

 me˜Le˜∗L
1
2
(√
2vdT
†
e − vu
(
λHxS +
√
2µ
)
Y †e
)
1
2
(√
2vdTe − vuYe
(√
2µ∗ + xSλ∗H
))
me˜R e˜∗R

 . (30)
me˜Le˜∗L = m
2
l˜
+
1
8
(
(g21 + g
2
Y X + gY XgX − g22)(v2d − v2u) + 2gY XgX(v2η − v2η¯)
)
+
1
2
v2dY
†
e Ye,
me˜Re˜∗R = m
2
e −
1
8
(
[2(g21 + g
2
Y X) + 3gY XgX + g
2
X ](v
2
d − v2u)
+(4gY XgX + 2g
2
X)(v
2
η − v2η¯)
)
+
1
2
v2dYeY
†
e . (31)
The mass matrix for neutralinos in the basis: (λB˜, W˜
0, H˜0d , H˜
0
u, λX˜ , η˜, ˜¯η, s˜) is,
8
mχ˜0 =


M1 0 −g12 vd g12 vu MBB′ 0 0 0
0 M2
1
2
g2vd −12g2vu 0 0 0 0
−g1
2
vd
1
2
g2vd 0 mH˜0uH˜0d
mλ
X˜
H˜0
d
0 0 −λHvu√
2
g1
2
vu −12g2vu mH˜0dH˜0u 0 mλX˜H˜0u 0 0 −
λHvd√
2
MBB′ 0 mH˜0
d
λ
X˜
mH˜0uλX˜
MBL −gXvη gXvη¯ 0
0 0 0 0 −gXvη 0 1√2λCvS 1√2λCvη¯
0 0 0 0 gXvη¯
1√
2
λCvS 0
1√
2
λCvη
0 0 −λHvu√
2
−λHvd√
2
0 1√
2
λCvη¯
1√
2
λCvη ms˜s˜


, (32)
mH˜0
d
H˜0u
= − 1√
2
λHvS − µ, mH˜0
d
λ
X˜
= −1
2
(
gY X + gX
)
vd, (33)
mH˜0uλX˜
=
1
2
(
gY X + gX
)
vu, ms˜s˜ = 2MS +
√
2κvS. (34)
This matrix is diagonalized by ZN :
ZN∗mχ˜0Z
N† = mdiagχ˜0 . (35)
Here, we show some needed couplings in this model. The CP-even Higgs couples with
CP-even sneutrinos
LHν˜Rν˜R = Hiν˜Rj
i
4
{ 3∑
a,b=1
[
− 2
√
2ZR∗kb Z
R∗
j3+a(Tν)abZ
H
i2 − 2λCvSZR∗k3+bZR∗j3+a(YX)abZHi3
−2
√
2ZR∗k3+bZ
R∗
j3+a(TX)abZ
H
i4 − 2λCvηZR∗k3+bZR∗j3+a(YX)abZHi5
]
+
[
j ↔ k
]
−16vη¯
3∑
a,b,c=1
ZR∗k3+cZ
R∗
j3+b(YX)ac(YX)abZ
H
i4 +
3∑
a=1
ZR∗ka Z
R∗
ja
[
(gY XgX + g
2
1
+g2Y X + g
2
2)(−vdZHi1 + vuZHi2 )− 2gY XgX(−vη¯ZHi4 + vηZHi3 )
]
+
3∑
a=1
ZR∗k3+aZ
R∗
j3+a
[
(gY XgX + g
2
X)(vuZ
H
i2 − vdZHi1 )− 2g2X(vηZHi3 − vη¯ZHi4 )
]}
ν˜∗Rk . (36)
The CP-odd Higgs interact with ν˜I and ν˜R, whose concrete form is
LAν˜I ν˜R = Aiν˜Ij
i
4
3∑
a,b=1
{[
2vSλCZ
R∗
k3+bZ
I∗
j3+a(YX)abZ
A
i3 − 2
√
2ZR∗kb Z
I∗
j3+a(Tν)abZ
A
i2
−2
√
2ZR∗k3+bZ
I∗
j3+a(TX)abZ
A
i4 + 2vηλCZ
R∗
k3+bZ
I∗
j3+a(YX)abZ
A
i5
]
+
[
R↔ I, j ↔ k
]}
ν˜∗Rk . (37)
The coupling of two CP-even Higgs and two CP-even sneutrinos reads as
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LHHν˜Rν˜R = Hiν˜Rl
{ i
2
3∑
a,b=1
[(
− λCZR∗l3+bZR∗k3+a(YX)ab(ZHi5ZHj3 + ZHi3ZHj5)
)
+
(
l ↔ k
)]
+
i
4
3∑
a=1
ZR∗l3+aZ
R∗
k3+a
[
(gY XgX + g
2
X)(Z
H
i2Z
H
j2 − ZHi1ZHj1)− 2g2X(ZHi3ZHj3 − ZHi4ZHj4)
]
+
i
4
3∑
a=1
ZR∗la Z
R∗
ka
[
(gY XgX + g
2
1 + g
2
Y X + g
2
2)(−ZHi1ZHj1 + ZHi2ZHj2)
−2gY XgX(ZHi3ZHj3 − ZHi4ZHj4)
]
− 4i
3∑
a,b,c=1
ZR∗l3+cZ
R∗
k3+b(YX)ab(YX)acZ
H
i4Z
H
j4
}
Hkν˜
R
k . (38)
We also deduce the vertexes of ν˜Rk − e¯i − χ−j and ν˜Rk − νi − χ¯0i ,
Lν˜Re¯χ− = e¯i
{ i√
2
U∗j2Z
R∗
ki Y
i
ePL −
i√
2
g2Vj1Z
R∗
ki PR
}
χ−j ν˜
R
k , (39)
Lν˜Rνχ¯0 = χ¯0i
{ i
2
(−g2ZN∗i2 + gY XZN∗i5 + g1ZN∗i1 )
3∑
a=1
ZR∗ka U
V ∗
ja PL
+
i
2
(−g2ZNi2 + gY XZNi5 + g1ZNi1 )
3∑
a=1
ZR∗ka U
V
jaPR
}
νiν˜
R
k . (40)
To save space in the text, we collect the other vertexes in the appendix.
III. RELIC DENSITY
In this subsection, we suppose the lightest mass eigenstate (ν˜R1 ) of CP-even sneutrino
mass squared matrix in Eq.(20) as a dark matter candidate and calculate the relic density.
Any WIMP candidate has to satisfy the relic density constraints. The ν˜R1 number density
nν˜R
1
is governed by the Boltzmann equation[20, 21]
dnν˜R
1
dt
= −3Hnν˜R
1
− 〈σv〉SA(n2ν˜R
1
− n2ν˜R
1
eq)− 〈σv〉CA(nν˜R1 nφ − nν˜R1 eqnφeq). (41)
ν˜R1 can both self-annihilate and co-annihilate with another species φ. When the annihilation
rate of ν˜R1 becomes roughly equal to the Hubble expansion rate, the species freeze out at
the temperature Tf .
〈σv〉SAnν˜R
1
+ 〈σv〉CAnφ ∼ H(Tf). (42)
With the supposition Mφ > Mν˜R
1
[22]
nφ =
( Mφ
Mν˜R
1
)3/2
Exp[(Mν˜R
1
−Mφ)/T ]nν˜R
1
. (43)
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Then it becomes
[
〈σv〉SA + 〈σv〉CA
( Mφ
Mν˜R
1
)3/2
Exp[(Mν˜R
1
−Mφ)/T ]
]
nν˜R
1
∼ H(Tf). (44)
We study its annihilation rate 〈σv〉SA and 〈σv〉CA and its relic density ΩD by the thermal
dynamics of the Universe. The self-annihilation cross section σ(ν˜R1 ν˜
R∗
1 → anything) and
co-annihilation cross section σ(ν˜R1 φ → anything) should be calculated. In the center of
mass frame, their results can be written as σvrel = a + bv
2
rel, with vrel denoting the relative
velocity of the two particles in the initial states. It is a good approximation, to calculate
the freeze-out temperature(TF ) from[23, 24] the following formula
xF =
mD
TF
≃ ln[0.038MP lmD(a + 6b/xF )√
g∗xF
]. (45)
MP l is the Planck mass 1.22 × 1019 GeV. mD = mν˜R
1
denotes the WIMP mass and xF ≡
mD/TF . g∗ is the number of the relativistic degrees of freedom with mass less than TF .
The formula for the density of cold non-baryonic matter can be simplified in the following
form[25]
ΩDh
2 ≃ 1.07× 10
9xF√
g∗MPL(a+ 3b/xF )GeV
, (46)
and its value should be ΩDh
2 = 0.1186± 0.0020 [7].
The dominate processes for the self-annihilation are: ν˜R1 +ν˜
R
1 → {(W+W ), (Z+Z), (h0+
h0), (u¯i + ui), (d¯i + di), (l¯i + li), (ν¯i + νi)} with i = 1, 2, 3, h0 representing the lightest
CP-even Higgs. νi denote three light neutrinos. The studied co-annihilation processes read
as: ν˜R1 + ν˜
I
1 → {(W +W ), (Z + h0), (u¯i + ui), (d¯i + di), (l¯i + li), (ν¯i + νi)}, where ν˜I1 is
the lightest mass eigenstate of CP-odd sneutrino mass squared matrix.
IV. DIRECT DETECTION
The main scattering processes of CP-even sneutrinos off nucleons are ν˜R+q → ν˜R+q and
ν˜R+q → ν˜I+q. They can be divided into two types: exchange of CP-even Higgs bosons and
gauge bosons(Z,Z ′) . For the first type process ν˜R + q → ν˜R + q, the exchanged particles
are CP-even Higgs. While for the second type process ν˜R + q → ν˜I + q, the exchanged
particles are vector bosons Z and Z ′. The CP-odd Higgs boson contributions are much
11
smaller than the contributions from CP-even Higgs boson and can be neglected safely[26].
After the deduction, we obtain the operators ν˜R∗ν˜Rq¯q and ν˜R∗∂µν˜Rq¯γµq at the quark level.
To get the final results, we should convert the quark level coupling to the effective nucleon
coupling. For the operator ν˜R∗ν˜Rq¯q, the used formulae are shown here[26]
aqmq q¯q → fNmN N¯N, fN =
∑
q=u,d,s
f
(N)
Tq aq +
2
27
f
(N)
TG
∑
q=c,b,t
aq,
〈N |mq q¯q|N〉 = mNf (N)Tq , f (N)TG = 1−
∑
q=u,d,s
f
(N)
Tq . (47)
Here, fN includes the coupling to gluons induced by integrating out heavy quark loops. The
numbers of f
(N)
Tq are collected here, which are used by the DarkSUSY package[27],
f
(p)
Tu = 0.023, f
(p)
Td = 0.034, f
(p)
Ts = 0.14,
f
(n)
Tu = 0.019, f
(n)
Td = 0.041, f
(n)
Ts = 0.14. (48)
It is easy to convert the operator bqν˜
R∗∂µν˜Rq¯γµq to bN ν˜R∗∂µν˜RN¯γµN through the fol-
lowing formulas
bp = 2bu + bd, bn = 2bd + bu. (49)
With the obtained fN , one gets the nucleon cross section
σ =
1
π
µ2[Zpfp + (A− Zp)fn]2. (50)
Here Zp is the number of proton, and A represents the number of atom.
V. NUMERICAL RESULTS
In this section, we study the numerical results. The used parameters are supposed as the
following
µ = MS = Tκ =M1 =M2 = 1 TeV, tanβ = 5, υη = 2 TeV, υη¯ = 0.9 TeV,
λC = −0.5, υS = 3 TeV, TλH = 2 TeV, lW = Bµ = BS = m2S = 1TeV2,
Tν22 = 2 TeV, Tν33 = 3 TeV, Mν11 = 1176
2 GeV2, TλC = 1.2 TeV,
Mν22 = 2 TeV
2, Mν33 = 3 TeV
2, TX22 = TX33 = 1.1 TeV, κ = 0.7,
ML = ME = δij10 TeV
2 and Te = δijTeV and YX = δij0.5, (i, j = 1, 2, 3). (51)
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Here, we take Tν , TX and Mν as diagonal matrices, for example
Tν =


Tν11 0 0
0 Tν22 0
0 0 Tν33

 . (52)
Firstly, we research the CP-even Higgs masses at tree level, especially for the lightest
Higgs mass. Secondly, the relic density of the lightest CP-even sneutrino is calculated
numerically. At last, we study the cross section for the lightest sneutrino scattering from
nucleon.
A. tree level Higgs mass
The mixing mass squared matrix for CP-even Higgs at tree level is shown in the Eq.(28).
It is well known that, in MSSM the lightest CP-even Higgs at tree level can be no more than
90 GeV. To match the Higgs mass with 125.1GeV detected at LHC, the loop corrections
must be considered. However, in U(1)XSSM there are three new Higgs superfields beyond
MSSM, and U(1)XSSM can improve the CP-even Higgs mass at tree level. Using the
parameters, Tν11 = 1 TeV, TX11 = 1.1 TeV, MBL = 1 TeV, MBB′ = 0.1 TeV, we study the
five CP-even Higgs mass eigenstates. The lightest CP-even Higgs mass is denoted by mh.
In Fig.(1), with gY X = 0.15, mh versus λH is plotted by the solid line(gX = 0.3) and
dotted line(gX = 0.2) respectively. The two lines possess similar behaviors with the varying
λH . The solid line is above the dotted line and the largest value of the solid line is about 106
GeV as λH = 0.6. With gX = 0.2, the mass region for the other four Higgs masses are respec-
tively mH1(6611∼8283) GeV, mH2(5220 ∼ 6609)GeV, mH3 ∼ 2036GeV and mH4 ∼640GeV.
While, mH1(6611∼8293) GeV, mH2(5220 ∼ 6609)GeV, mH3 ∼2066GeV and mH4 ∼725GeV
correspond to gX = 0.3. In general, mH1 , mH2 and mH3 are all very heavy with the used
parameters.
gY X is the parameter for the mixing of U(1)Y and U(1)X , and it is very important for the
tree level Higgs mass mh. Because the VEVs vη and vη¯ are large, which indicates that both
of them can make large contributions to mh at the tree level through gY X . With λH = 0.5,
we plot the numerical results for mh versus gY X by the solid line (gX = 0.3) and dotted line
(gX = 0.2), respectively. The solid line and dotted line are very near, and they are both
increasing functions with the enlarging gY X . Near the point gY X = 0.5, mh can almost reach
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FIG. 1: The lightest CP-even Higgs masss versus λH with gX = 0.3 (solid line) and gX = 0.2
(dashed line) respectively.
125 GeV, without the loop corrections. In some SUSY models, the lightest CP-even Higgs
must receive large loop corrections to match mh = 125.1 GeV. So, it is interesting that in
this model the loop contributions to Higgs mass can be small. The other Higgs masses are
very stale with the varying gY X and mH1 ∼ 6930 GeV, mH2 ∼ 6602 GeV, mH3 ∼ 2036
GeV, mH4 ∼ 640 GeV for gX = 0.2. The corresponding values for gX = 0.3 are respectively
mH1 ∼ 6931 GeV, mH2 ∼ 6602 GeV, mH3 ∼ 2066 GeV, mH4 ∼ 725 GeV.
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FIG. 2: The lightest CP-even Higgs mass versus gY X with gX = 0.3 (solid line) and gX = 0.2
(dashed line) respectively.
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B. relic density of sneutrino dark matter
Here, the relic density of sneutrino dark matter are analyzed numerically, with the param-
eters gX = 0.2, gY X = 0.15 and λH = 0.5. Tν is the triplet coupling parameter appearing
in the sneutrino mass squared matrix. In Fig.(3), we adopt TX11 = 1.1 TeV,MBL = 1 TeV,
MBB′ = 0.1 TeV and study the relic density versus Tν11. From the numerical calculation, we
find that the virtual Higgs contributions to the relic density are about four orders smaller
than the contributions from virtual Z and Z ′. Therefore, we neglect the Higgs contributions.
The gray area in the left diagram of the Fig.(3) represents the experimental value of the
relic density in three σ and the solid line denotes the relic density which is the decreasing
function of Tν11. When Tν11 is around 1000 GeV, the relic density can reach the central
value of the experiments. In the right diagram of Fig.(3), the numerical results of xF versus
Tν11 are plotted by the solid line, which is very stable and varies from 23.65 to 23.8.
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W
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200 400 600 800 1000 1200 1400 1600
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24.0
TΝ11GeV
x
F
FIG. 3: The relic density and xF versus Tν11.
MBL is the mass of super partner for the new gauge boson. MBL and MBB′ both in-
fluence the masses of neutralinos, so they affect the relic density of sneutrino dark matter
through neutralino contribution. For TX11 = 1.1 TeV and Tν11 = 1 TeV, the relic density
and xF varying with MBL are represented by the solid line(MBB′ = 100 GeV) and dotted
line(MBB′ = 500 GeV) in the Fig.(4). From the right diagram of Fig.(4), it is obvious that
the region of MBL in 1000 GeV to 2000 GeV is more rational. The xF region in the right
diagram is from 23.6 to 23.8.
TX is the triplet coupling constant of ν˜R and η¯, which can affect the sneutrino masses and
couplings. Therefore, we research how TX11 the first element of TX impact on the numerical
results of the relic density. From the left diagram of Fig.(5), one can easily see that both
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FIG. 4: The relic density and xF versusMBL, withMBB′=100GeV (solid line) andMBB′=500GeV
(dashed line)
.
the solid line (MBB′ = 100GeV) and dotted line (MBB′ = 500GeV) are increasing functions
of TX11. In the left diagram, the dotted line is a little bigger than the solid line for the same
value of TX11. To matching the experimental value well, TX11 should be near 1000 GeV. On
the contrary, xF is the decreasing function of TX11 in the right diagram of Fig.(5), where
the solid line and the dotted line are very near. Their region is from 23.65 to 23.87.
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FIG. 5: The relic density and xF versus TX11, withMBB′=100GeV (solid line) andMBB′=400GeV
(dashed line)
.
C. the cross section of the sneutrino scattering off nucleon
In this subsection, taking into account the constraint from the relic density, we numeri-
cally calculate the cross section of sneutrino scattering from nucleon. We take the parameters
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as Tν11 = 1 TeV, TX11 = 1.1 TeV, MBL = 1 TeV, MBB′ = 0.1 TeV and λH = 0.5. As
discussed in the front parts, gX and gY X are both important parameters, in the Fig.(6) the
numerical results of the cross section versus gX are plotted by the solid line(gY X = 0.15)
and dotted line(gY X = 0.25) respectively. In these parameter space, the lightest CP-even
sneutrino is at the order of 1000 GeV, whose experiment limit for the cross section is about
10−46cm2. The dotted line is above the solid line, and they both turn large with the in-
creasing gX . According to the solid line, it is better for gX to be no more than 0.3. When
gX < 0.1, the numerical results of the cross section are at the order of 10
−47cm2 and even
smaller.
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FIG. 6: The cross section versus gX with gY X = 0.15(solid line) and gY X = 0.25(dotted line)
respectively.
In the Fig.(7), the solid line (gX = 0.15) and dotted line (gX = 0.2) increase with the
enlarging gY X . The characters of the Fig.(7) are similar as those of Fig.(6). From the both
Figs. (6) and (7), one can find that gX and gY X are important parameters to produce
increasing effects. From the above discussion, when gX and gY X are no more than 0.3, the
theoretical predictions can easily satisfy the experimental bounds.
VI. DISCUSSION AND CONCLUSION
U(1)XSSM is the extension of MSSM, and the local gauge group of U(1)XSSM is SU(3)C×
SU(2)L × U(1)Y × U(1)X . To obtain this model, righ-handed neutrinos and three Higgs
superfields ηˆ, ˆ¯η, Sˆ are added to the MSSM. Through the see-saw mechanism, three tiny
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FIG. 7: The cross section versus gY X with gX = 0.15(solid line) and gX = 0.2(dotted line)
respectively.
neutrino masses can be produced. The right-handed sneutrinos are sterile, and if they are
main parts of the lightest sneutrino, it possesses the characters of cold dark matter.
In U(1)XSSM, we study the CP-even Higgs masses at tree level. Due to the introduction
of Higgs superfields ηˆ, ˆ¯η, Sˆ, at tree level the lightest CP-even Higgs mass can be larger
than that in MSSM. With the assumption that the lightest CP-even sneutrino can be cold
dark matter candidate, the relic density of dark matter and the cross section of dark matter
scattering from nucleon are both studied. The virtual Higgs contributions to both the
relic density and the scattering cross section from nucleon are several orders smaller than
those from virtual Z and Z ′, so these type contributions can be neglected. The numerical
results imply that the gauge coupling parameters gX and gY X are important. The used
parameter space can satisfy the dark matter experimental constraints from both the relic
density and the scattering from nucleon. This work gives constraints to the parameter space
of U(1)XSSM and may be benefit for the detection of dark matter.
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Appendix
The elements in the CP-even Higgs mass squared matrix
mφdφd = m
2
Hd
+ |µ|2 + 1
8
(
[g21 + (gX + gY X)
2 + g22 ](3v
2
d − v2u)
+2(gY XgX + g
2
X)(v
2
η − v2η¯)
)
+
√
2vSµλH +
1
2
(v2u + v
2
S)|λH |2,
mφdφu = −
1
4
(
g22 + (gY X + gX)
2 + g21
)
vdvu + |λH |2vdvu − λH lW
−1
2
λH(vηvη¯λC + v
2
Sκ)−Bµ −
√
2vS(
1
2
TλH +MSλH),
mφuφu = m
2
Hu + |µ|2 +
1
8
(
[g21 + (gX + gY X)
2 + g22 ](3v
2
u − v2d)
+2(gY XgX + g
2
X)(v
2
η¯ − v2η)
)
+
√
2vSµλH +
1
2
(v2d + v
2
S)|λH |2,
mφdφη =
1
2
gX(gY X + gX)vdvη − 1
2
vuvη¯λHλC ,
mφuφη = −
1
2
gX(gY X + gX)vuvη − 1
2
vdvη¯λHλC ,
mφηφη = m
2
η +
1
4
(
(gY XgX + g
2
X)(v
2
d − v2u) + 2g2X(3v2η − v2η¯)
)
+
|λC |2
2
(v2η¯ + v
2
S),
mφdφη¯ = −
1
2
gX(gY X + gX)vdvη¯ − 1
2
vuvηλHλC ,
mφuφη¯ =
1
2
gX(gY X + gX)vuvη¯ − 1
2
vdvηλHλC ,
mφηφη¯ = −g2Xvηvη¯ +
1
2
(2lW − λHvdvu)λC + |λC |2vηvη¯
+
1√
2
vS(2MSλC + TλC ) +
1
2
v2SλCκ,
mφη¯φη¯ = m
2
η¯ +
1
4
(
(gY XgX + g
2
X)(v
2
u − v2d) + 2g2X(3v2η¯ − v2η)
)
+
|λC |2
2
(
v2η + v
2
S
)
,
mφdφs =
(
λHvdvS +
√
2vdµ− vu(κvS +
√
2MS)
)
λH − 1√
2
vuTλH ,
mφuφs =
(
λHvuvS +
√
2vuµ− vd(κvS +
√
2MS)
)
λH − 1√
2
vdTλH ,
mφηφs =
(
λCvηvS + vη¯(κvS +
√
2MS)
)
λC +
1√
2
vη¯TλC ,
mφη¯φs =
(
λCvη¯vS + vη(κvS +
√
2MS)
)
λC +
1√
2
vηTλC ,
mφsφs = m
2
S +
(
2lW + 3vS(κvS + 2
√
2MS) + λCvηvη¯ − λHvdvu
)
κ
+
1
2
|λC |2ξ2 + 1
2
|λH |2v2 + 2BS + 4|MS |2 +
√
2vSTκ. (53)
The elements in the CP-odd Higgs mass squared matrix
mσdσd = m
2
Hd
+ |µ|2 + 1
8
(
[g21 + (gX + gY X)
2 + g22 ](v
2
d − v2u)
+2(gY XgX + g
2
X)(v
2
η − v2η¯)
)
+
√
2vSµλH +
1
2
(v2u + v
2
S)|λH |2,
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mσdσu =
(
(
√
2MSvS + lW ) +
1
2
κv2S +
1
2
λCvηvη¯
)
λH +Bµ +
1√
2
vSTλH ,
mσuσu = m
2
Hu + |µ|2 +
1
8
(
[g21 + (gX + gY X)
2 + g22 ](v
2
u − v2d)
+2(gY XgX + g
2
X)(v
2
η¯ − v2η)
)
+
√
2vSµλH +
1
2
(v2d + v
2
S)|λH |2,
mσηση = m
2
η +
1
4
(
(gY XgX + g
2
X)(v
2
d − v2u) + 2g2X(v2η − v2η¯)
)
+
1
2
(v2η¯ + v
2
S)|λC |2,
mσηση¯ =
1
2
(
(−2lW + λHvdvu)λC −
√
2vS(2MSλC + TλC )− v2SλCκ
)
,
mση¯ση¯ = m
2
η¯ +
1
4
(
(gY XgX + g
2
X)(v
2
u − v2d) + 2g2X(v2η¯ − v2η)
)
+
1
2
(v2η + v
2
S)|λC |2,
mσdσs = −vu
(
(κvS +
√
2MS)λH − 1√
2
TλH
)
, mσdση = −
1
2
vuvη¯λHλC ,
mσuσs = −vd
(
(κvS +
√
2MS)λH − 1√
2
TλH
)
, mσuση = −
1
2
vdvη¯λHλC ,
mσησs = vη¯
(
(κvS +
√
2MS)λC − 1√
2
TλC
)
, mσdση¯ = −
1
2
vuvηλHλC ,
mση¯σs = vη
(
(κvS +
√
2MS)λC − 1√
2
TλC
)
, mσuση¯ = −
1
2
vdvηλHλC ,
mσsσs = m
2
S + 4|MS |2 + (κv2S − 2lW − λCvηvη¯ + λHvdvu)κ− 2BS
+
1
2
|λC |2ξ2 + 1
2
|λH |2v2 +
√
2vS(2MSκ− Tκ). (54)
In this appendix, we collect the used vertexes, which include the couplings of: H − H −
H, H −W −W and H − Z − Z
LHHH = iHiHj
{
(
1
4
g21 +
1
4
g2Y X +
1
4
g22 +
1
2
gY XgX +
1
4
g2X − λ2H)[vu〈112〉 + vd〈122〉]
−(3
4
g21 +
3
4
g2Y X +
3
4
g22 +
3
2
gY XgX +
3
4
g2X)[vu〈111〉 + vd〈222〉] +
1
2
(gY XgX + g
2
X)
×
[
vη¯(〈114〉 + 〈224〉) − vη(〈113〉 + 〈223〉) + vu(〈233〉 + 〈244〉) − vd(〈133〉 + 〈144〉)
]
−(vSλ2H +
√
2µλH)(〈115〉 + 〈225〉) + (λHvSκ+
√
2MSλH +
1√
2
TλH )〈125〉
−(λCvSκ+
√
2MSλC +
1√
2
TλC )〈345〉 +
1
2
λHλC
[
vη¯〈123〉 + vη〈124〉 + vu〈134〉
+vd〈234〉
]
+ (λHvuκ− vdλ2H)〈155〉 + (λHvdκ− vuλ2H)〈255〉 − 3g2X(vη〈333〉 + vη¯〈444〉)
+(g2X − λ2C)(vη〈344〉 + vη¯〈334〉) − vSλ2C(〈335〉 + 〈445〉) − (λ2Cvη + λCvη¯κ)〈355〉
−(λ2Cvη¯ + λCvηκ)〈455〉 − (6vSκ2 + 6
√
2MSκ+
√
2Tκ)〈555〉
}
Hk,
LHWW = HiWµ
( i
2
g22(vdZ
H
i1 + vuZ
H
i2 )g
σµ
)
W ∗σ ,
LHZZ = HiZµ
{ i
2
[(
g1 cos θ
′
W sin θW + g2 cos θ
′
W cos θW − gY XgX sin θ′W
)2
×(vdZHi1 + vuZHi2 ) + 4(gX sin θ′W )2(vη¯ZHi4 + vηZHi3 )
]
gσµ
}
Z∗σ. (55)
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Here 〈ααα〉, 〈ααβ〉, 〈αβγ〉 are the shorthand notations
〈ααα〉 = ZHiαZHjαZHkα, 〈ααβ〉 = ZHiαZHjαZHkβ + ZHiαZHjβZHkα + ZHiβZHjαZHkα, (α 6= β),
〈αβγ〉 = ZHiαZHjγZHkβ + ZHiγZHjαZHkβ + ZHiαZHjβZHkγ + ZHiγZHjβZHkα + ZHiβZHjαZHkγ
+ZHiβZ
H
jγZ
H
kα, (α 6= β 6= γ). (56)
Some other used couplings are shown as
LWWν˜Rν˜R = ν˜Ri Wν
( i
2
g22
3∑
a=1
ZR∗ia Z
R∗
ja g
µν
)
ν˜Rj Wµ,
LZZν˜Rν˜R = ν˜Ri Zν
{
i
3∑
a=1
[
ZR∗ia Z
R∗
ja
(1
2
g22(cos θW cos θ
′
W )
2 +
1
2
g21(sin θW cos θ
′
W )
2
+g1g2 cos θW sin θW (cos θ
′
W )
2 − gY X sin θ′W cos θ′W (g2 cos θW + g1 sin θW )
+
1
2
g2Y X(sin θ
′
W )
2
)
+
1
2
g2X(sin θ
′
W )
2ZR∗i3+aZ
R∗
j3+a
]
gµν
}
ν˜Rj Zµ,
Le˜ν˜R∗W = e˜iν˜R∗j
(
− i
2
g2
3∑
a=1
ZE∗ia Z
R∗
ja (−p
ν˜R
j
µ + p
e˜i
µ )
)
W µ + h.c,
LZdd = d¯
[( i
6
(3g2 cos θW cos θ
′
W + g1 sin θW cos θ
′
W − gY X sin θ′W )γµPL
− i
6
(2g1 sin θW cos θ
′
W − (2gY X + 3gX) sin θ′W )γµPR
]
d Zµ,
LZ′dd = d¯
[
− i
6
(3g2 cos θW sin θ
′
W + g1 sin θW sin θ
′
W + gY X cos θ
′
W )γµPL
+
i
6
[2g1 sin θW sin θ
′
W + (2gY X + 3gX ) cos θ
′
W ]γµPR
]
d Z ′µ,
LZll = l¯
{ i
2
(−g1 sin θW cos θ′W + g2 cos θW cos θ′W + gY X sin θ′W )γµPL
− i
2
(2g1 sin θW cos θ
′
W − (2gY X + gX) sin θ′W )γµPR
}
lZµ,
LZ′ll = l¯
{ i
2
(g1 sin θW sin θ
′
W − g2 cos θW sin θ′W + gY X cos θ′W )γµPL
+
i
2
(2g1 sin θW sin θ
′
W + (2gY X + gX) cos θ
′
W )γµPR
}
lZ ′µ,
LZuu = u¯
{
− i
6
(3g2 cos θW cos θ
′
W − g1 sin θW cos θ′W + gY X sin θ′W )γµPL
+
i
6
[−(4gY X + 3gX) sin θ′W + 4g1 sin θW cos θ′W ]γµPR
}
uZµ,
LZ′uu = u¯
{
− i
6
(−3g2 cos θW sin θ′W + g1 sin θW sin θ′W + gY X cos θ′W )γµPL
− i
6
[(4gY X + 3gX) cos θ
′
W + 4g1 sin θW sin θ
′
W ]γµPR
}
uZ ′µ,
LZνν = ν¯i
{
− i
2
(g1 sin θW cos θ
′
W + g2 cos θW cos θ
′
W − gY X sin θ′W )
3∑
a=1
UV ∗ja U
V
iaγµPL
+
i
2
(g1 sin θW cos θ
′
W + g2 cos θW cos θ
′
W − gY X sin θ′W )
3∑
a=1
UVjaU
V ∗
ia γµPR
}
νjZ
µ,
21
LZ′νν = ν¯i
{ i
2
(g1 sin θW sin θ
′
W + g2 cos θW sin θ
′
W + gY X cos θ
′
W )
3∑
a=1
UV ∗ja U
V
iaγµPL
− i
2
(g1 sin θW sin θ
′
W + g2 cos θW sin θ
′
W + gY X cos θ
′
W )
3∑
a=1
UV ∗ia U
V
jaγµPR
}
νjZ
′µ,
Lν˜I ν˜RZ = ν˜Ii ν˜Rj
{1
2
(−pν˜
R
j
µ + p
ν˜Ii
µ )
[(
g1 sin θW cos θ
′
W + g2 cos θW cos θ
′
W
−gY X sin θ′W
) 3∑
a=1
ZI∗ia Z
R∗
ja + gX sin θ
′
W
3∑
a=1
ZI∗i3+aZ
R∗
j3+a
]}
Zµ,
Lν˜I ν˜RZ = ν˜Ii ν˜Rj
{1
2
(−pν˜
R
j
µ + p
ν˜I
i
µ )
[
−
(
g1 sin θW sin θ
′
W + g2 cos θW sin θ
′
W
+gY X cos θ
′
W
) 3∑
a=1
ZI∗ia Z
R∗
ja + gX cos θ
′
W
3∑
a=1
ZI∗i3+aZ
R∗
j3+a
]}
Z ′µ, (57)
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